DNA purifi cation and AFLP analysis -DNA for all samples was purifi ed using the DNeasy Plant Minikit (QIAGEN, Doncaster, Victoria, Australia) and quantifi ed using a Picofl uor model 8000 -003 fl uorometer (Turner Designs, Sunnyvale, California, USA) with Quant iT PicoGreen DNA assay kit (Invitrogen, Eugene, Oregon, USA). The AFLP method was adapted from Vos et al. (1995) using simultaneous restriction and ligation of DNA samples. All eucalypt DNA samples were pretested to ensure full enzymatic digestion under the conditions used for restriction -ligation reactions. Reproducibility of AFLP profi les was confi rmed experimentally for replicate DNA purifi cations and restriction -ligation reactions containing 10, 20, 50, 100 or 200 ng of genomic DNA. 
Eucalyptus L ' H é rit (Myrtaceae) is a large genus of over 700 species ( Brooker, 2000 ) with a widespread distribution across Australia, Papua New Guinea, Timor, Sulawesi, and the Philippines. Its extraordinary adaptability has allowed it to occupy Australian habitats ranging from desert and subalpine terrain to swamps and coastal heaths and to form a dominant component of forest and woodland environments. In the past decade, molecular analyses have improved our knowledge of relationships within and among the major subgenera of Eucalyptus and its near relatives. Advances in phylogenetic analysis using DNA sequence data ( Udovicic et al., 1995 ; Steane et al., 1999 Steane et al., , 2002 Udovicic and Ladiges, 2000 ; Whittock et al., 2003 ; Gibbs, 2007 ; Parra-O. et al., 2006) have resolved longstanding questions regarding relationships among Eucalyptus and its close relatives, Corymbia and Angophora , and explored the divergence of subgenera Eucalyptus , Symphyomyrtus , and Eudesmia . These analyses have contributed to our understanding of the evolution of diversity in the present-day Australian fl ora in response to past periods of climatic instability ( Crisp et al., 2004 ) . Complementary analyses at lower systematic levels are needed to explore present evolutionary processes and inform taxonomic revision in Eucalyptus . Knowledge of the genetic relationships within and among lower-level taxonomic groups will support conservation efforts that aim to preserve phylogenetic diversity and evolutionary potential ( Faith, 1992 ) in this dominant tree genus.
Despite all efforts, the majority of phylogenetic relationships between species within sections of Eucalyptus have proven impossible to resolve using standard DNA sequence markers. Steane et al. (1999 Steane et al. ( , 2002 showed that variation in the internal transcribed spacer (ITS) region of nuclear ribosomal DNA was insuffi cient to differentiate some species currently classifi ed into different sections in subgenus Eucalyptus or to resolve relationships within sections of subgenus Symphyomyrtus . In analyses of the more highly variable single-copy nuclear gene for cinnamoyl coA reductase (CCR; McKinnon et al., 2005 ; Poke et al., 2006 ) , recombination, incomplete lineage sorting, and/or reticulation confounded the use of this gene for exploring relationships within and among sections of Symphyomyrtus . Chloroplast DNA phylogeny in subgenus Eucalyptus confl icts with past and current taxonomic treatments . Likewise, a series of detailed analyses of cpDNA variation in subgenus Symphyomyrtus section Maidenaria ( Steane et al., 1998 ; Jackson et al., 1999 ; McKinnon et al., 2001 McKinnon et al., , 2004 indicate chloroplast phylogeny to be incongruent with taxonomy and consistent with a history of recurrent hybridization among species. As a result, our understanding of the phylogenetic relationships among taxa within sections of subgenera Eucalyptus and Symphyomyrtus continues to be derived primarily from morphology. A recent analysis and taxonomic revision of species from subgenus Symphyomyrtus section Bisectae used morphological characters exclusively.
Amplifi ed fragment length polymorphism (AFLP) is a wholegenome approach to studying genetic variation that is gaining in popularity for lower-level systematics ( Bussell et al., 2005 ) . The strengths of AFLP include high levels of polymorphism and the ability to sample randomly across the genome, thus generating phylogenies based on multiple rather than single genomic regions. Although most analyses report high levels of homoplasy, AFLP has successfully resolved genetic relationships among groups having almost invariable ITS sequences in plant genera such as Macaranga ( B ä nfer et al., 2004 ) , Trollius Genus Eucalyptus , with over 700 species, presents a number of systematic diffi culties including taxa that hybridize or intergrade across environmental gradients. To date, no DNA marker has been found capable of resolving phylogeny below the sectional level in the major subgenera. Molecular markers are needed to support taxonomic revision, assess the extent of genetic divergence at lower taxonomic levels, and inform conservation efforts. We examined the utility of 930 amplifi ed fragment length polymorphisms (AFLPs) for analyzing relationships among Tasmanian taxa of subgenus Symphyomyrtus section Maidenaria . Phenetic and cladistic analyses resolved species into clusters demonstrating signifi cant genetic partitioning, largely concordant with series defi ned in the most recent taxonomic revision of Eucalyptus . Some departures from current taxonomy were noted, indicating possible cases of morphological convergence and character reversion. Although the resolution obtained using AFLP was greatly superior to that of single sequence markers, the data demonstrated high homoplasy and incomplete resolution of closely related species. The results of this study and others are consistent with recent speciation and reticulate evolution in Maidenaria . We conclude that a combination of phylogenetic and population genetic approaches using multiple molecular markers offers the best prospects for understanding taxonomic relationships below the sectional level in Eucalyptus . mon to both regions. Samples of E. nitens were sourced from seed orchards representing core collection areas. Samples of E. archeri and E. barberi were from a eucalypt fi eld trial planted at Boyer, southern Tasmania. All other species were fi eld-collected for this study or sourced from the collections of McKinnon et al. (2001 McKinnon et al. ( , 2004 , McGowen et al. (2001 ) , Jones et al. (2005) , and Rathbone et al. (2007) as indicated in Table 1 . Leaf tissue from the three outgroup taxa E. grandis and E. balladoniensis (subgenus Symphyomyrtus , sections Latoangulatae and Bisectae , respectively) and E. cloeziana (subgenus Idiogenes ) was from the collection of Steane et al. (2002) . For each individual, leaf tissue was frozen in liquid nitrogen and stored at − 70 ° C until DNA preparation, and a herbarium specimen was deposited in the herbarium of the School of Plant Science, University of Tasmania. ( Despr é s et al., 2003 ) , and Soldanella ( Zhang et al., 2001 ) . The technique appears to be least successful where species are closely related and cross-fertile, presumably because interspecifi c differences are blurred by both introgression and retention of ancestral polymorphisms ( Koopman et al., 2001 ; Despr é s et al., 2003 ; Pellmyr et al., 2007 ) . Under these circumstances, variation of AFLP markers between morphologically distinct species can sometimes be exceeded by variation among populations within species (e.g., Quercus petraea and Q. robur ; Kelleher et al., 2005 ) , and conspecifi c individuals may be scattered throughout trees generated by phenetic or cladistic analysis (e.g., Polylepis , Schmidt- Lebuhn et al., 2006 ; Yucca , Pellmyr et al., 2007 ) .
This study used AFLP to examine genetic relationships among the 17 Tasmanian species of subgenus Symphyomyrtus section Maidenaria , previously shown to have very similar or identical ITS and chloroplast ( McKinnon et al., 2001 ) DNA sequences. Maidenaria is a large section of 73 species, classifi ed by Brooker (2000) into three subsections with 17 constituent series. Its taxa are characterized by bilobed cotyledons, axillary infl orescences, versatile anthers, seeds with a ventral hilum, and adult leaves that are moderately reticulate, with areolar and intersectional glands. The two major subsections are Triangulares with 22 species (having juvenile leaves that are petiolate and alternate, and fruits with a triangular arrangement of valves, with the disc or valves scarcely prominent) and Euryotae with 49 species (having juvenile leaves that are sessile and opposite for many pairs, a long style, leaves with oil glands, and fruit with the disc and valves usually prominent). A previous phylogenetic analysis of the entire section based on adult and seedling morphology by Chappill and Ladiges (1996) proved diffi cult because of high homoplasy, intergrading taxa and nondiscrete characters. The resulting cladogram, which confl icts with Brooker ' s (2000) taxonomy in many respects, was considered by Chappill and Ladiges (1996) to be only an approximate representation of the true phylogeny due to problems of character coding.
We aimed to determine whether AFLP could contribute to taxonomic revision in this section and, by implication, in other diffi cult sections of Eucalyptus and other genera. We analyzed a subset of Maidenaria comprising multiple replicates of 10 endemic Tasmanian taxa, seven taxa common to both Tasmania and mainland Australia, and four mainland taxa, representing fi ve series from the two major subsections (series Globulares , Viminales , Orbiculares , and Semiunicolores from subsection Euryotae and series Foveolatae from subsection Triangulares ). This group of taxa included species reported to form clines (e.g., species of Semiunicolores ; McGowen et al., 2001 ) , zones of morphological intergradation (e.g., species of series Globulares ; Jordan et al., 1993 ) , and numerous natural intra-and interseries hybrids ( Duncan, 1989 ) . The use of multiple replicates per species enabled us to place variation among species and series in the context of variation within both rare and widespread species for Tasmanian Maidenaria .
MATERIALS AND METHODS
Sample collection -Sampling of section Maidenaria covered all 17 taxa native to Tasmania, three additional taxa of the E. globulus complex from mainland Australia ( E. bicostata , E. maidenii , and E. pseudoglobulus ), and the pulpwood species E. nitens which is now planted widely in Tasmania ( Table 1 ) . Where possible, we sampled three widely separated populations of each species from Tasmania and/or mainland Australia, giving six samples for species com- with 99% bootstrap support. With the exception of two species ( E. perriniana and E. nitens ), the NJ tree placed all Maidenaria species into four main clusters congruent with their classifi cation into Brooker ' s (2000) series Orbiculares , Semi unicolores , Foveolatae , Viminales , and Globulares . Cluster 1 ( Fig. 2 ) contained all members of series Foveolatae , except one individual of E. barberi . Within Foveolatae , E. barberi was sister to a subcluster containing E. ovata , E. brookeriana , and E. rodwayi . The morphologically very similar taxa E. ovata and E. brookeriana could not be fully separated from one another, nor from E. rodwayi , which reportedly intergrades with either E. ovata or E. brookeriana near the collection site of E. rodwayi 1 ( Williams and Potts, 1996 ) .
Cluster 2 contained all endemic Tasmanian taxa of Orbiculares and Semiunicolores . The three taxa of Semiunicolores ( E. johnstonii , E. subcrenulata , and E. vernicosa ), which form clines along altitudinal gradients on mountains and plateaus in Tasmania, clustered together with incomplete resolution of species. Samples of E. vernicosa and E. subcrenulata from a continuous cline at Mt. Arrowsmith clustered together with 78% bootstrap support. Taxa of Orbiculares demonstrated similarly incomplete resolution and a tendency to cluster according to geographic, rather than taxonomic, affi nities. Samples of E. urnigera and E. gunnii from southeastern Tasmania clustered with the southeastern Tasmanian endemics E. cordata and E. morrisbyi , rather than with E. urnigera and E. gunnii from other parts of Tasmania. Cluster 2 also contained the remaining individual of E. barberi . Examination of pairwise differences for E. barberi showed that this species had high intraspecifi c variability (average number of pairwise differences between individuals = 123, compared to a mean value of 111 for all other species) and was almost equally close to Foveolatae and the Tasmanian endemics (average number of pairwise differences = 130 and 131, respectively), resulting in its equivocal placement in both the PCo and NJ analyses.
Cluster 3 contained all taxa of the E. globulus complex (series Globulares ), with E. maidenii resolved as sister to the three remaining taxa. The intergrading taxa ( E. globulus , E. pseudoglobulus , and E. bicostata ) remained incompletely resolved. Cluster 4 contained all members of series Viminales ( E. viminalis , E. rubida , and E. dalrympleana ) except for one anomalous outlier of E. dalrympleana , which clearly belonged within Viminales based on the subsequent cladistic analysis (described later). In addition, cluster 4 contained all six samples of E. perriniana (series Orbiculares ), which formed an exclusive lineage with 68% bootstrap support. Eucalyptus perriniana was further resolved into two well-supported clusters corresponding branch-swapping, MulTrees on, steepest descent, and branches collapsed if maximal branch length was zero. The search strategy was designed to ensure that no shorter trees existed ( Catal á n et al., 1997 ). First, two heuristic searches were conducted on the unweighted data matrix using (a) closest addition sequence and (b) 1000 random addition sequence replicates, saving a maximum of fi ve trees per replicate. The strict consensus of all shortest trees combined from searches (a) and (b) was used as a constraint for a further search of 5000 replicates of random addition sequence, saving no more than fi ve trees per replicate and setting PAUP* to save only trees that did not match these constraints. The data set was bootstrapped using 10 000 replicates ( Felsenstein, 1985 ) of the fast stepwise algorithm of PAUP*.
RESULTS
Using eight primer pairs, we scored 930 AFLP fragments, 920 of which were polymorphic across the full set of taxa. Within Maidenaria , 850 characters were polymorphic. Table 2 lists the total number of polymorphic fragments scored from different primer pairs, which varied from 59 to 177 across all taxa. All individuals had unique AFLP profi les.
The results of the PCo, based on the genetic distance measure of Nei and Li (1979) , are shown in Fig. 1 . The fi rst three vectors accounted cumulatively for 26.2% of the total variance detected, comprising 12.4%, 8.1% and 5.7% from the fi rst, second, and third vectors respectively. Ordination of the fi rst two vectors ( Fig. 1A ) showed three distinct genetic clusters, corresponding to (1) the E. globulus complex ( E. globulus , E. pseudoglobulus , E. maidenii , and E. bicostata ); (2) members of series Viminales ( E. viminalis , E. rubida , and E. dalrympleana ) together with E. perriniana and E. nitens ; and (3) all remaining taxa of series Foveolatae , Semiunicolores , and Orbiculares . Within the third cluster, there was separation of Foveolatae from the other two series, with overlap of E. archeri 1 ( Orbiculares ) and E. barberi 1 and 2 ( Foveolatae ). Whereas separation of clusters 1 -3 was achieved with ease using fewer markers (primer pairs 1 -5; 559 markers; not shown), separation of Foveolatae from Semiunicolores and Orbiculares required the full set of 930 markers. Addition of the third PCo vector resolved E. nitens from the cluster containing Viminales and E. perriniana ( Fig. 1B ) .
Clusters revealed by PCo were resolved further by the neighbor-joining (NJ) tree ( Fig. 2 ) , which was rooted on E. cloeziana (subgenus Idiogenes ), and included the additional taxa E. balladoniensis and E. grandis (subgenus Symphyomyrtus , sections Bisectae and Latoangulatae , respectively). The relationships of Maidenaria , Bisectae , and Latoangulatae recovered by NJ analysis were consistent with the ITS analysis of Steane et al. (1999) . Collectively, all samples of Maidenaria formed a cluster the E. globulus complex (cluster 3; F st = 0.189). The Tasmanian endemics (cluster 2) were genetically closest to Foveolatae , regardless of whether E. barberi was included or excluded ( F st = 0.081, Table 4 ). Clusters 2, 3, and 4 were approximately equidistant from one another ( F st about 0.11). Genetic diversity, as measured by the average nucleotide diversity ( π n , equivalent to the probability that two randomly chosen homologous nucleotides are different; Tajima, 1983 ; Nei, 1987 ) , was not significantly different among clusters ( Table 4 ) . Cladistic analysis under maximum parsimony was conducted on the unweighted data matrix, using E. cloeziana as the designated outgroup taxon and including E. balladoniensis and E. grandis as representatives of sections Bisectae and Latoangulatae . To limit any homoplasy potentially caused by hybridization among taxa, we excluded (1) E. barberi , which had affi nities to both Foveolatae and Orbiculares in the geto Tasmanian and mainland Australian samples. With the exception of cluster 3 (71% bootstrap support), the four major clusters received < 50% bootstrap support, refl ecting the shortness of supporting branches relative to terminal branches. Samples of E. nitens (series Globulares ) formed a fi fth cluster with 100% bootstrap support, distinct from all others.
Analysis of molecular variance (AMOVA; Excoffi er et al., 1992 ) across the four major species clusters determined by PCo and NJ analysis (clusters 1 -4 from Fig. 2 ; excluding E. barberi which was divided among clusters) indicated signifi cant partitioning of genetic variation with 83% of the detected variation residing within species, 7% between species within clusters, and 10% between clusters ( P < 0.001; Table 3 ). Pairwise F st values ( Table 4 ) further indicated that all clusters were significantly differentiated ( P < 0.001), with the highest level of genetic differentiation being between Foveolatae (cluster 1) and ensemble retention index (RI; Farris, 1989 ) of 0.285. The strict consensus of these trees is shown in Fig. 3 . Despite the high level of homoplasy (82%), the strict consensus tree resolved species into clades consistent with the NJ and PCo analyses. Collectively, species from section Maidenaria formed a monophyletic clade with 85% bootstrap support. Within Maidenaria , E. nitens was the sister to a clade containing all other netic distance analyses, as a potential hybrid taxon and (2) individuals of E. urnigera , E. gunnii , and E. morrisbyi from populations peripheral to the main distributions of the species. Of the 930 characters in the data matrix, 736 were parsimonyinformative. The heuristic search strategy recovered in total 35 most parsimonious trees of length 5116, with an ensemble consistency index (CI; Kluge and Farris, 1969 ) of 0.176 and an Fig. 2 . Neighbor-joining tree of Maidenaria species with additional taxa Eucalyptus grandis (section Latoangulatae ), E. balladoniensis (section Bisectae ), and outgroup E. cloeziana (subgenus Idiogenes ). Sample codes are as in Table 1 (column 1). Branch lengths are proportional to genetic distances; bootstrap support values of > 50% are shown above branches. Numbers in brackets correspond to the four major clusters used for AMOVA ( Table 3 ) and F -statistics ( Table 4 ) . Table 3 . Analysis of molecular variance for the four major clusters within Maidenaria ( Fig. 2 , 
DISCUSSION
Level of resolution afforded by AFLP -This study is the fi rst to fi nd molecular markers capable of resolving series and species within this complex section of Eucalyptus . The use of AFLP for phylogenetic analysis is somewhat controversial, and previously noted drawbacks of the technique include (1) use of total DNA, which may include contaminant DNA from other sources, (2) lack of knowledge regarding the identity of AFLP fragments, (3) homoplasy caused by nonhomologous comigrating fragments or independent losses of fragments, and (4) potential lack of independence between amplifi ed fragments ( Bussell et al., 2005 ; Koopman, 2005 ) . Homoplasy due to nonhomology of fragments increases with taxonomic divergence (O ' Hanlon and Peakall, 2000; Althoff et al., 2007 ) , seriously limiting the use of the technique for phylogenetic analysis of distantly related taxa. While AFLP appears to be most appropriate for resolving relationships among closely related taxa, at lower systematic levels species. These were divided into two major subclades. The fi rst subclade contained species of Foveolatae , together with endemic Tasmanian taxa of Orbiculares and Semiunicolores . Within the second subclade, E. perriniana and species of Viminales collectively formed a sister clade to species of the E. globulus complex. As with the NJ tree, supporting branches for individual trees were short relative to terminal branches (not shown), and bootstrap support was low for the major nodes within the section. Further within-clade structure was limited to the grouping of some individuals with their conspecifi cs. Grouping of conspecifi cs was violated in a few instances where clades comprised species known to intergrade across environmental gradients ( E. vernicosa -E. subcrenulata ; species of the E. globulus complex; and Tasmanian E. dalrympleana-E. rubida-E. viminalis ) or to exhibit very low differentiation on population genetic analysis based on nuclear microsatellite markers ( E. archeri -E. urnigera ; C. Hudson, University of Tasmania, unpublished data). species groups, and only 7% resided among species within groups. These fi gures illustrate the low percentage of total genetic variation that contributes to recognizable morphological divergence among series and species in section Maidenaria .
Within series, many species could not be fully resolved using AFLP, as has been noted before for complexes containing closely related or hybridizing taxa (e.g., Quercus , Dodd and Kashani, 2003 ; Macaranga , B ä nfer et al., 2004 ; Populus , Cervera et al., 2005 ; Polylepi s, Schmidt-Lebuhn et al., 2006 ; Minthostachys , Schmidt-Lebuhn, 2007 ; Yucca , Pellmyr et al., 2007 ) . In most cases, lack of resolution in this study occurred among taxa that are reported to intergrade morphologically. For these taxa, both phenotypic and AFLP evidence suggest either (1) very recent divergence, such that lineage sorting of ancestral polymorphisms remains incomplete or (2) incomplete speciation with continuing gene fl ow. There was also a lack of resolution among some endemic Tasmanian taxa of series Orbiculares that appear morphologically and ecologically distinct. Single individuals of E. gunnii and E. morrisbyi clustered with one another rather than with their conspecifi cs in the NJ analysis, and individuals of E. urnigera were scattered within the series. There was some tendency of these species to cluster according to geographic location rather than to species affi liation. While this fi nding is consistent with either reticulate evolution or nonmonophyletic origins for endemic Tasmanian taxa of Orbiculares , it is equally likely that the signal-to-noise ratio of the AFLP data is simply too low to discriminate among species at this level. We recently obtained population genetic data from eight microsatellite loci showing that parapatric populations of E. archeri , E. gunnii , and E. urnigera from central Tasmania have extremely low levels of genetic differentiation from one another (mean pairwise F st = 0.02) and from allopatric populations of E. morrisbyi (mean pairwise F st = 0.08; C. Hudson, University of Tasmania, unpublished data). This level of differentiation is exceeded by that found between the two largest extant populations of E. morrisbyi ( F st > 0.1; C. Hudson, unpublished data; Jones et al., 2005 ) . These results are analogous to those of Craft and Ashley (2006) , who analyzed genetic variation within and among Quercus alba , Q. macrocarpa , and Q. bicolor using fi ve microsatellite loci and found higher differentiation between two populations of Q. alba than between any pair of species. Detailed population genetic approaches that combine morphological and molecular data would thus appear to offer the best hope of understanding species relationships and limits at the within-series level in Maidenaria .
Concordance between AFLP and current taxonomy -The most recent taxonomy of Eucalyptus ( Brooker, 2000 ) is based conceptually on the classifi cation of Pryor and Johnson (1971) and draws on extensive observation of heritable phenotypic there is the possibility that population genetic effects may swamp any phylogenetic signal present in arbitrarily amplifi ed DNA markers ( Bussell et al., 2005 ) . The majority of genetic variation uncovered by AFLP in studies of closely related outcrossing taxa resides within, rather than among, species (e.g., > 90% for four species of Quercus ; Dodd and Kashani, 2003 ) . Rather than having species-specifi c AFLP fragments, recently diverged taxa may have only small frequency differences in fragments, similar to or even less marked than the differences among populations within taxa. For example, Kelleher et al. (2005) found that species differentiation between Quercus petraea and Q. robur , based on AFLP markers, accounted for only 13% of the observed genetic variation and was obscured by population differentiation, which accounted for 27%.
Despite these diffi culties, plant species phylogenies generated using AFLP and ITS are generally in good agreement, and there is good bootstrap support for clades recovered using AFLP, where corresponding variation within ITS is ~10 -30 nucleotides ( Koopman, 2005 ) . Furthermore, AFLP has proven an effective technique for resolving relationships among species where ITS sequences are almost invariable ( Zhang et Schmidt-Lebuhn, 2007 ) . The results of our study are concordant with these fi ndings. Resolution of Maidenaria from the outgroup taxon E. grandis , which is supported by 12 or more nucleotide changes in ITS sequence data received good bootstrap support in the AFLP phenetic and cladistic analyses. Within Maidenaria , among species that previously demonstrated ITS divergence of 0 -4 nucleotides, and in some cases demonstrated higher intraspecifi c than interspecifi c ITS variation , the AFLP analysis provided resolution of signifi cantly differentiated genetic groups corresponding, with few exceptions, to morphological series. The separation of series using the whole-genome approach also presents a strong contrast to previous studies using cpDNA, which showed greater correlation with geographical location than with species or series boundaries ( Steane et al., 1998 ; Jackson et al., 1999 ; McKinnon et al., 2001 McKinnon et al., , 2004 . We conclude that any contribution of cytoplasmic DNA markers or introgressed nuclear markers to AFLP profi les was generally insuffi cient to mask nuclear genomic divergence among morphological series. Although the clades resolved by AFLP showed significant genetic partitioning, homoplasy was high (CI < 0.2) and bootstrap support in the NJ and cladistic analyses was low, refl ecting the shortness of supporting branches relative to terminal branches. At the intrasectional level, 83% of the genetic variation found resided within species, only 10% separated the major Table 4 . Measures of nucleotide diversity ( π n ) and pairwise F st -values for the major clusters within Tasmanian Maidenaria as defi ned by the neighborjoining analysis ( Fig. 2 ) . altitudes between 200 m and 600 m a.s.l. ( Williams and Potts, 1996 ) . Phillips and Reid (1980) considered that clinal variation in juvenile leaf and capsule morphology between Tasmanian E. dalrympleana and E. viminalis resulted from selection acting on a continuous group of potentially interbreeding populations. The AFLP analysis supports Brooker ' s (2000) classifi cation in which these three species are placed in the same series and is consistent with either low genetic divergence or incomplete reproductive isolation among them.
Within the E. globulus complex, regarded by different authors as a complex of either four closely related species ( Brooker, 2000 ) or subspecies ( Kirkpatrick, 1974 ) , separation of taxa in the phenetic analysis was consistent with morphology and records of intergradation ( Jordan et al., 1993 ) , which indicate that E. maidenii , characterized by seven buds per infl orescence, is the most distinct taxon while E. pseudoglobulus intergrades with the two remaining species. In the cladistic analysis, individuals of E. bicostata and E. maidenii formed clades with their conspecifi cs, whereas E. globulus and E. pseudoglobulus had mixed affi nities. A poor correlation between phenotype and nuclear microsatellite markers has been previously described for species and intergrades belonging to this complex ( Jones et al., 2002 ; Steane et al., 2006 ) . A comparative analysis of microsatellite markers and quantitative traits within E. globulus found cases of marked phenotypic divergence of parapatric races demonstrating low levels of microsatellite differentiation, as well as phenotypic convergence of races that were well-differentiated using microsatellites . This fi nding was considered indicative of selection maintaining quantitative traits that did not necessarily correlate with evolutionary affi nities . Eucalyptus nitens , a species native to mainland Australia but used in Tasmanian pulpwood plantations, is usually considered to be closely related to species of the E. globulus complex and has been classifi ed in the same series ( Globulares ; Brooker, 2000 ) . Against expectations, the AFLP results indicated E. nitens to be genetically highly differentiated from the E. globulus complex. The PCo separated this species from all others along the third axis, and all of the most parsimonious cladograms placed E. nitens outside all other species of Maidenaria . A fuller analysis of Maidenaria is required to confi rm these fi ndings and to clarify the relationship of E. nitens to the remainder of the section.
Another unexpected outcome of the analysis was the grouping, in both the distance-and parsimony-based analyses, of Foveolatae and endemic Tasmanian members of Orbiculares and Semiunicolores . On the basis of morphology, series Orbiculares and Semiunicolores have been classifi ed into subsection Euryotae with Viminales and Globulares , while series Foveolatae is part of subsection Triangulares ( Brooker, 2000 ) . This classification is supported mainly by a change in seedling leaf character, from alternate and petiolate in Triangulares to opposite and sessile for many pairs in Euryotae . The alternate, petiolate form appears to be plesiomorphic because species that were sisters to section Maidenaria in the ITS analysis of Steane et al. (2002) have this character ( Chippendale, 1988 ) . Chappill and Ladiges (1996) considered the retention of opposite, sessile, and cordate leaves for many nodes to defi ne a monophyletic group (broadly concordant with Euryotae ) within Maidenaria . Based on this character, their cladistic analysis placed members of Triangulares as basal to Euryotae . In the AFLP parsimony analysis, the strict consensus of all shortest trees placed E. nitens as basal to all other species. If this topology is correct, the primitive juvenile leaf form of Triangulares would represent a reversion. characters in seedling and adult plants. Brooker ' s (2000) two major subsections of section Maidenaria , namely Triangulares and Euryotae , are allied closely to Pryor and Johnson ' s (1971) two informal series, Ovatae and Viminales , respectively. A full phylogenetic analysis of morphological characters in Maidenaria by Chappill and Ladiges (1996) found that Pryor and Johnson ' s Ovatae was a paraphyletic group recognizable only by the sharing of plesiomorphic (primitive) features, whereas Viminales was a monophyletic group defi ned by juvenile leaves being opposite, sessile, and cordate for many nodes. Both seedling and adult characters demonstrated high homoplasy (overall homoplasy index = 82%). Other problems noted were intergrading taxa and diffi culties in coding continuously varying characters. The present AFLP analysis also encountered high homoplasy (82%), and there was low bootstrap support for clades recovered by the NJ and parsimony analyses, meaning that the clustering order of taxa could not be determined with a high level of certainty. However, AFLP could be used to defi ne groups of species that had signifi cant genetic differentiation from one another and to assess the relative levels of genetic divergence among groups. The results, while mostly congruent with morphology, highlighted possible cases of both convergence and reversion of phenotypic characters within Maidenaria .
Phenotypic convergence appears to have occurred between E. perriniana (the type species of series Orbiculares ) and the fi ve endemic Tasmanian species classifi ed into Orbiculares ( E. archeri , E. gunnii , E. urnigera , E. cordata , and E. morrisbyi ). Species of this series have conspicuous opposite, orbicular, often glaucous juvenile leaves ( Brooker, 2000 ) that persist in the mature crown in both E. perriniana and E. cordata ( Nicolle, 2006 ) . The AFLP analysis placed all samples of E. perriniana in a single clade that was genetically distinct from endemic Tasmanian Orbiculares and had a closer affi nity to three nonendemic species of series Viminales ( E. viminalis , E. dalrympleana , and E. rubida ). Although this grouping received low bootstrap support, it is consistent with the geographical distribution of E. perriniana , which has disjunct populations in southeastern mainland Australia and central-eastern Tasmania ( Rathbone et al., 2007 ) . The AFLP evidence suggests that E. perriniana has evolved from a lineage other than that of endemic Tasmanian members of Orbiculares and subsequently dispersed into Tasmania. Persistence of juvenile foliage in the adult tree is one of several convergent characters that occur independently in quite unrelated species of Eucalyptus ( Pryor and Johnson, 1971 ; Potts and Wiltshire, 1997 ) , and it is reasonable to conclude this character has arisen more than once in Maidenaria . An affi nity to Viminales is plausible on the basis of the bud and adult leaf morphology of E. perriniana . Additional research is needed to confi rm the affi liations of the remaining mainland Australian members of Orbiculares : E. glaucescens , E. saxatilis , E. pulverulenta , and E. chapmaniana . Based on their distributions, which are mostly associated with that of mainland E. perriniana , it is probable that they belong to the same evolutionary branch as E. perriniana .
The relationships between E. perriniana , E. rubida , E. dalrympleana , E. viminalis , and the endemic Tasmanian Orbiculares have been subject to differing interpretations since Pryor and Johnson (1971) placed all except E. viminalis in their subseries Cordatinae . The analysis of Chappill and Ladiges (1996) also separated E. viminalis from the other species on the basis of juvenile leaf width. However, E. dalrympleana intergrades clinally with both E. viminalis and E. rubida in Tasmania, and the distinction between the three species becomes obscure at the series level in Eucalyptus . At the intraseries level, more detailed population genetic approaches will be necessary to delimit species and to understand the relationships between morphology and genetic variation. We conclude that a combination of these approaches will best inform conservation efforts that aim to preserve phylogenetic diversity and evolutionary potential in Eucalyptus . In addition, identifi cation and genomic mapping of the AFLP fragments that differentiate species and series may shed light on the genetic changes that underpin species divergence ( Scotti-Saintagne et al., 2004 ) .
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While analysis of more taxa is needed to resolve this question and better describe the whole section, overall our results are consistent with (1) a close evolutionary relationship between all endemic Tasmanian taxa of Orbiculares and Semiunicolores and (2) lower genetic divergence of these taxa from Foveolatae than from either Viminales or Globulares .
The distinction between Orbiculares and Foveolatae is particularly blurred in the case of E. barberi , a rare, midaltitude mallee species that occurs in small, disjunct populations in eastern Tasmania. This species shows affi nities to both of these series based on AFLP analysis. Morphologically, it is close to E. brookeriana ( Ladiges et al., 1984 ) , but a phenetic analysis of morphological variation within E. barberi revealed high variability among populations ( McEntee et al., 1994 ) . Our study used E. barberi from populations identifi ed as " northern " (the type locality, Cherry Tree Hill) and " southern " (Ravensdale Hill and Ringrove Razorback) morphotypes in the study of McEntee et al. (1994 ) . All three populations had morphological affi nities to E. ovata and E. brookeriana , but the population at Ringrove Razorback varied in bud number between seven (typical of Foveolatae ) and three (typical of Orbiculares ). The sample from Ringrove Razorback nevertheless clustered with Foveolatae in the AFLP analysis, while the sample from Ravensdale Hill had affi nities to Orbiculares in both the PCo and NJ analyses. McEntee et al. (1994 ) also recorded two anomalous populations of E. barberi that appeared intermediate with E. gunnii and were considered either introgressed or representative of high genetic variation within E. barberi . The species has high cpDNA diversity, in common with E. gunnii , but unlike other endemics such as E. cordata , E. morrisbyi , and E. rodwayi ( McKinnon et al., 2001 ( McKinnon et al., , 2004 Jones et al., 2005 ; G. McKinnon, unpublished data) . Collectively, these results indicate that the gene pool of E. barberi is highly diverse and may combine genes from two separate evolutionary branches.
Conclusions -Based on their observations of phenotypic variation, Chappill and Ladiges (1996) noted the possibility that evolution within Maidenaria may not have been predominantly divergent. This concept is supported both by patterns of cpDNA variation that are consistent with localized genetic exchange among species belonging to different series ( Steane et al., 1998 ; Jackson et al., 1999 ; McKinnon et al., 2001 McKinnon et al., , 2004 and by observations of natural interspecifi c hybridization. Duncan (1989) recorded all 17 species of Tasmanian Maidenaria as being involved in at least one natural hybrid combination and most species as being involved in several, including combinations across series. Given these observations, we think it unlikely that any bifurcating tree, produced by standard cladistic analysis, can adequately represent the complex evolution of the section. The high level of homoplasy encountered in this analysis is probably due, in part, to genetic exchange among species and series, although incomplete lineage sorting across loci is also likely to be important. Despite these diffi culties, the analysis was able to identify signifi cantly differentiated genetic groups within Tasmanian Maidenaria . These groups were mostly concordant with morphological series defi ned by Brooker (2000) . However, the results highlight the need for potential revision of (1) the current division of series among the two major subsections, Triangulares and Euryotae ; (2) the classifi cation of species of series Orbiculares ; and (3) the classification of E. nitens .
The results of this study indicate that AFLP is a valuable technique suitable for supporting taxonomic revision as low as
